RALD
shows ALPS-like clinical phenotypes associated with acquired RAS mutation at certain levels of hematopoietic stem cell differentiation involving the T, B and myeloid lineages. Given the shared genetic features of common abnormality of the RAS-MAPK signaling pathway but distinct prognostic features, an important question arises as to whether RALD and JMML can be discriminated by their clinical and biological characteristics.
In the present work, we collected and analyzed the clinical and laboratory characteristics of six Japanese patients fulfilling the clinical and laboratory criteria of JMML associated with RAS mutation and followed for more than 3 years without hematopoietic stem cell transplantation (HSCT). [5] [6] [7] [8] They are phenotypically distinct from patients with Cardio-Facio-Cutaneous syndrome or Noonan syndrome. Although they fulfilled the diagnostic criteria of JMML at the initial presentation, including granulocyte-macrophage colony-stimulating factor (GM-CSF) hyper-sensitivity of bone marrow progenitors (Table 1 and  Supplementary Table 1 ), no disease progression or recurrence was seen after regression of the disease. The follow-up periods were between 3 and 19 years. Physical examination of these patients identified one case with persistent hepatosplenomegaly (Case 6, Supplementary Table 2 ). Laboratory data of these six patients exhibited normal white blood cell counts, except for one case (Case 4) with persistent monocytosis (Supplementary  Table 2 ). T/B ratio of lymphocyte population showed increased B cell population of more than 40% in all the cases. Interestingly, four of six cases showed hyper-g-globulinemia ( Figure 1a , and Table 2 ) and five of the six cases showed positivity for autoimmune antibodies ( Table 2 ), mainly that for antinuclear antibody. Cases 3 and 6 presented persistent autoimmune thrombocytopenia. Case 6 also presented anemia. Thus, this patient was very likely to have had Evans syndrome. Case 2 fulfilled the diagnostic criteria for systemic lupus erythematosus. These observations were compatible with the findings in RALD. So we investigated whether these six patients continued to carry RAS mutation in their hematopoietic systems many years after disease regression.
Direct DNA sequencing of PCR products of the RAS gene using peripheral blood mononuclear cells was performed. Surprisingly, all of the six patients showed persistent RAS mutation-positive clones, even after 3 to 19 years of follow-up after the initial diagnosis of JMML. Then we performed direct DNA sequencing of PCR products of the RAS gene in isolated T cells, B cells and myelomonocytic cells. Sequencing electropherograms showed the presence of mutated RAS alleles in all of these hematopoietic lineages (Supplementary Figure 1) . To further quantitate mutated alleles in each lineage, we subcloned PCR-amplified RAS genes from T cells, B cells and myelomonocytic cells into TA cloning vector and counted the colonies that carried a mutated RAS allele. The frequency of mutated RAS alleles was between about 26 and 63% in each hematopoietic cell lineage (Figure 1b) . To rule out the possibility that the mutant RAS allele was epigenetically silenced during the long survival period, we tested mRNA expression from the mutant RAS allele using peripheral blood T lymphocytes. Analysis of the reverse transcription (RT) PCR product revealed that the mutant allele was expressed as much as the wild-type allele (Supplementary Figure 2) .
We had a chance to analyze GM-CSF hyper-sensitivity in case 2. In this patient, 67% of CFU-GM colonies in the bone marrow carried NRAS G13D mutation. Intriguingly, the colonies showed no GM-CSF hyper-sensitivity, even though NRAS G13D mutation was present and expressed (Supplementary Table 3 and Supplementary Figure 3 ). To analyze whether these RAS-mutated cells had a neoplastic feature, we investigated the clonality of peripheral T cells in cases with RAS mutation by evaluating the status of T-cell receptor b rearrangement. As was expected, a polyclonal but no monoclonal or oligoclonal band was obtained, indicating that cells proliferated polyclonally in spite of the presence of RAS mutation ( Figure 1c) . Bim is the protein that accelerates apoptosis, and reduced expression of Bim was a characteristic biochemical feature in RALD. 3, 4 We investigated the expression of Bim using activated T cells from these individuals and found that all of the T-cell clones established from these five cases showed reduced expression of Bim protein (Figure 1d ). All these findings were compatible with those we identified in RALD previously.
It has previously been recommended that HCST be performed in most patients with JMML. JMML with somatic PTPN11 mutation reportedly show unfavorable prognosis. 9, 10 Although most of the JMML with RAS mutations also show an aggressive clinical course, a few of them achieve spontaneous remission. Matsuda et al. 6 retrospectively analyzed natural history of 8 N-or KRAS-mutated JMML cases who did not receive HSCT in 75 cases collected in the registry of the MDS Committee of the Japanese Society of Pediatric Hematology. Four of these patients died due to disease progression, while the remaining four patients remained alive without disease progression. They also suggested G12S N-or KRAS-mutated JMML demonstrates a milder clinical course. Letters to the Editor Flotho et al. 11 reported six cases of RAS-mutated JMML who survived without HSCT in 216 cases collected in the EWOG-MDS registry, and all six patients in their group had substitutions other than G12S. Then, we tested whether there is any difference of RASGTPase activity depending on the mutation type and found G12S substitution of KRAS is less deleterious for RAS-GTPase activity than G to D or V substitution (Supplementary Figure 4) . Thus, further study will help to demonstrate genotype and phenotype relations in JMML cases with various RAS gene mutation.
In the largest retrospective series of JMML patients, 65% of patients exhibited hyper-g-globulinemia, and 14-22% of patients exhibited autoimmunity. 12 Four of the six patients evaluated in the present study exhibited hyper-g-globulinemia and five of the six patients exhibited autoimmunity. These findings resemble RALD. Niemela et al. 3 reported that some of their RALD cases displayed hyperleukocytosis during their clinical courses, which is compatible with JMML.
Our study demonstrates the persistent presence of RAS mutationpositive clones in a substantial proportion of circulating lymphocytes and myeloid cells many years after the diagnosis of JMML. Once in remission these patients are free from the hematological findings of JMML but carry the autoimmune phenotype. We believe there is a distinct subgroup of patients with JMML who survive without HSCT, and proposed current diagnostic criteria for JMML is not sufficient to rule out those who may survive long or spontaneously resolve without HSCT. Thus the indication of HSCT as an initial treatment modality for JMML should be revised carefully for at least some cases of RAS-mutated JMML, as some of these cases are clinically similar to RALD. Further study is needed to identify the molecular mechanism for clinical heterogeneity of JMML with RAS mutation, either the aggressive type or that with spontaneous regression, the latter of which might overlap with RALD.
Details of experimental procedure are provided in Supplemental data Materials and methods. Serum IgG levels and various autoimmunity at time of re-evaluation.
Letters to the Editor
Mobilization studies in C3-deficient mice unravel the involvement of a novel crosstalk between the coagulation and complement cascades in mobilization of hematopoietic stem/progenitor cells Hematopoietic stem/progenitor cells (HSPCs) express chemokine receptor CXCR4 and very late antigen-4 (VLA-4, also known as a 4 b 1 integrin) receptor on their cell surface, and are retained in bone marrow (BM) niches by the interaction of these receptors with their respective ligands, a-chemokine stromal-derived growth factor-1 (SDF-1) and vascular adhesion molecule-1 (VCAM-1, also known as CD106), which are expressed by cells in the BM microenvironment (for example, osteoblasts and fibroblasts). HSPCs residing in BM are released from their niches and circulate under steady-state conditions at detectable levels in the peripheral blood (PB), and their number increases in response to (i) systemic or local inflammation, (ii) strenuous exercise, (iii) stress, (iv) tissue/organ injury and (v) pharmacological agents. [1] [2] [3] [4] [5] The mobilization process has been postulated to be directed by (i) a decrease in SDF-1-CXCR4 and VLA-4-VCAM-1 interactions in BM microenvironment (for example, due to the release of proteolytic enzymes or after molecular blockade by administration of small molecular CXCR4 or VLA-4 antagonists), (ii) release of neurotransmitters from the synapses of the nerves that innervate the BM microenvironment (for example, involving the dopamine and b2-adrenergic receptors), (iii) reversal of the trans-endothelial chemotactic gradient between the BM microenvironment and plasma, (iv) activation of the plasminogen system, as recently proposed, and (v) activation of the complement cascade (ComC), as we have demonstrated. [1] [2] [3] [4] [5] Lending additional support to this latter effect, it is known that the ComC becomes activated in all the mechanisms leading to mobilization of HSPCs (for example, systemic inflammation, organ injury, strenuous exercise, as well as administration of mobilizing drugs). 2 We previously reported that mice defective in the third complement protein (C3), which is a proximal component of the ComC, are easy mobilizers. 6 This has been explained by a lack of C3a formation, which normally increases retention signals for HSPCs in response to a BM SDF-1 gradient, and thus prevents uncontrolled release of these cells into PB. By contrast, mice defective in the fifth complement protein (C5), which is a distal component of the ComC, display a profound defect in mobilization of HSPCs. 7 To explain this phenomenon, we demonstrated that C5 cleavage fragments (C5a and C5b) are essential for egress of HSPCs into PB. Accordingly, C5a generated in the BM microenvironment above the BM-PB barrier is responsible during the mobilization process for augmenting the release of proteolytic enzymes from myeloid cells, which attenuates SDF-1-CXCR4 and VLA-4-VCAM-1 retention signals in BM niches. In addition, C5a generated down from the BM-PB barrier in BM sinusoids is a potent chemoattractant for granulocytes and monocytes that, as the first cells egressing from the BM, has an important role in permeabilization of the BM-PB barrier, and thus facilitate the subsequent egress of HSPCs. 7 Moreover, another C5 cleavage fragment, C5b, is involved in the formation of C5b-C9, also known as the membrane attack complex (MAC), which increases the PB level of a potent chemoattractant for HSPCs, sphingosine-1-phosphate. 8 Thus, the failure of C5-deficient mice to generate both C5a and MAC explains why they are poor mobilizers. 7, 8 Considering the fact that activation of the ComC and proper cleavage of C3 is required for the formation of C5 convertase (an enzyme that cleaves C5 into C5a and C5b), one would expect that C3-deficient mice, like C5-deficient animals, would be poor mobilizers. However, as mentioned above and already reported, 6 this is not the case. To address why C3 À / À mice, despite a defect in the generation of C5 convertase, are easy mobilizers, we considered the involvement of alternative proteolytic pathways that could cleave/activate C5 in C3 À / À mice. For example, activation of the coagulation cascade (CoaC) is a well-known side effect of granulocyte colony-stimulating factor (G-CSF) when employed in patients for stem cell mobilization. 9 Herein, based on data that C5 can be activated/cleaved by thrombin, 10 which
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